Abstract -Karyotypes of Chaetanthera ciliata and C. chilensis from Chile were examined using the location of the 5S and 18S/25S rDNA gene sequences. Signals of 5S and 18/25S rDNA are seen in 4 and 5 of the 11 chromosome pairs in C. ciliata and C. chilensis, respectively. The reported karyotypes are symmetric with small chromosomes and a great similarity among them. Chromosome asymmetry indexes (AsI % and A 1 ) were similar for both species. This report is the first on chromosome number and karyotype analysis of Chaetanthera ciliata and C. chilensis. One of the remarkable differences between the karyotypes of C. ciliata and C. chilensis is that C. ciliata has only metacentric chromosomes, whereas C. chilensis has a submetacentric chromosome pair. Using the FISH technique, notable differences can be observed with respect to the position and number of rDNA sequences depending on the chromosome.
INTRODUCTION
The genus Chaetanthera Ruiz et Pavó n (Asteraceae: Mutisieae) consists of annual or perennial herbs, native to South America with close to 40-42 species, of which approximately 20 grow in Chile (Cabrera 1937; Grau 1987; Katinas 1996; Davies and Facher 2001; Davies, unpubl. data) . Grau (1987) studied the number of chromosomes in some Chilean species of the Mutiseae tribe, which included Chaetanthera glabrata (DC.) Meigen (2n = 28), C. linearis Poeppig (2n = 22) and C. linearis Poeppig var. albiflora Phil. (2n = 24). Powell et al. (1974) indicated n = 14 for the Chilean species C. tenella Less. Chaetanthera ciliata and C. chilensis are two Chilean endemic species, distributed principally in the central-southern zone (Cabrera 1937) , specially in the Coastal mountains. They have not yet been examined cytologically. The utility of cytological data for morphological and taxonomic studies is well recognized (Babcock 1947; Stebbins 1971; Jones 1970; Stuessy 1990) . Knowledge of the relative physical locations and the number of multicopy rDNA gene loci is very useful for the construction of physical chromosome maps and phylogenetic studies (Linares et al. 1996; Schrader et al. 1997; Galasso et al. 1997; Fukui et al. 1998; Chen et al. 1999; Moscone et al. 1999; Heslop-Harrison 2000; Schwarzacher and Heslop-Harrison 2000) .
Fluorescence in situ hybridization (FISH) has been widely used for cyto-taxonomical studies in different plant groups (e.g. Guerra et al. 1996; Zhang and Sang 1998; Lee et al. 1999; Adams et al. 2000; Weiss-Schneeweiss et al. 2003) . It is also a valuable tool for molecular cytogenetic studies (Fransz et al. 1996 (Fransz et al. , 1998 Fukui et al. 1998; Jiang and Gill 1994; Kubis et al. 1998; Schrader et al. 2000 Schrader et al. , 2002 . The most common molecular-cytogenetic markers are ribosomal genes (5S and 18S/25S rDNA), which are abundant and highly conserved in all higher plant species .
This study examined the chromosomal localization of 5S rDNA and 18S/25S rDNA sequences in two species of Chaetanthera from Chile using fluorescence in situ hybridization (FISH). The purposes of this paper are to (1) determine the mean chromosome length in the karyotypes with statistical measures of standard deviations, and (2) identify possible karyotypic differences in the localization of 5S and 18S/25S rDNA gene clusters for characterization of the species of Chaetanthera.
MATERIAL AND METHODS
Populations of two species of Chaetanthera (Asteraceae) were analyzed. Seed material was collected in VIII Region, Chile: Chaetanthera chilensis, Quilló n, Road between Quilló n and Cabrero, Canchilla, 110 m, (36°52'S-72°27'W), 14-I-2003, C. Baeza 4204 (CONC) . Chaetanthera ciliata, Quilló n, Road between Quilló n and Cabrero, Canchilla, 110 m, (36°52'S-72°27'W), 14-I-2003, C. Baeza 4205 (CONC) . Vouchers are deposited in the herbarium of the University of Concepció n (CONC).
Roots (1-to 2-cm long) from seedlings of Chaetanthera spp. grown on water−moistened filter paper at 24°C were excised and pre-treated with 8-hydroxyquinoline solution (2 mM aqueous solution at 4°C for 24 h), fixed in a freshly prepared mixture of absolute ethanol/glacial acetic acid (3:1) for 24 h, and stored in 70% ethanol at −20°C. After digestion (4% cellulose 'Onozuka R−10' (Serva) and pectolyase Y−23 (Seishin Pharmaceutical) in 75 mM KCl and 7.5 mM Na−EDTA, pH 4.0 (Kakeda et al. 1991) , the root tips were smashed in 45 % acetic acid, frozen, air−dried for 1 − 3 days and for longer storage transferred to −20°C. Chromosomes were measured with the computer−aided program 'MicroMeasure 3.3' (Reeves 2001) . The nomenclature used for the description of the chromosome morphology follows Levan et al. (1964) . To estimate karyotype asymmetry, two numerical parameters were used: AsI % according to Arano and Saito (1980) and A 1 according to Romero Zarco (1986) . Each chromosome length was calculated as a percent of the total genomic length of the corresponding diploid chromosome set (at least 10 metaphases per species) with the standard deviation (S.E.).
The 5S rRNA gene-specific probe was amplified and simultaneously labeled with digoxigenin-11-dUTP (Roche Diagnostics) from genomic DNA of Allium ampeloprasum L. via PCR using primers that were specific for 5S RNA genes (Gottlob-McHugh et al. 1990 ). The 18/25S rRNA gene-specific plasmide−DNA of the probe VER 17 (kindly provided by Professor S. Tanifuji) was labeled with biotin−16−dUTP using a nick translation mix (Roche Diagnostics) according to the manufacturer's instructions.
The FISH procedures were performed according to Schrader et al. (2000) with few modifications. Stringent washes were done in 0.3% of 2xSSC at 42°C. For two-color FISH, biotin was detected with 6 ng/µl of streptavidin-Cy3 (Dianova) and digoxigenin with 6 ng/µl of anti-digoxigenin-FITC (Roche Diagnostics). After slide washing (three times in 4xSSC with 0.1 % Tween 20 at 42°C), the FITC signals were enhanced by 6 ng/µl of anti-sheep-fluorescein (Dianova). Chromosomes were counterstained with 1.0 ng/µl of 4',6-diamidino-2-phenylindole (DAPI; Molecular Probes) for 5 min at 23°C. Photographs were taken using a computer-assisted cooled CCD camera (Visitron Systems). Pseudocoloration and merging of images were done with the camera software.
RESULTS
The two species of Chaetanthera (C. ciliata and C. chilensis), reported here for the first time, are 2n = 22 with the chromosome set 11m and 10m + 1sm, respectively (Table 1 ). The ratio of the longest pair/shortest pair (R) is 1.75 for C. ciliata and 1.76 for C. chilensis; the karyotype asymmetry index AsI % and A 1 are 53.83 and 0.92, respectively, for C. ciliata and 53.96 and 0.92 for C. chilensis. Signals of 5S and 18/25S rDNA are seen in 4 and 5 of the 11 chromosome pairs in C. ciliata ( Fig. 1 ; Tab. 2) and C. chilensis ( Fig. 2; Tab. 3), respectively. Total chromosome length (2n) calculated for C. ciliata is 149.22 ± 7.70 µm and for C. chilensis 130.08 ± 9.07µm (Tab. 1).
In C. ciliata, the chromosome 1 has a 18/25S rDNA signal in a paracentromeric region of the long arm; chromosome 3 has a 5S rDNA signal in the terminal part of the long arm; chromosome 4 presented a double 18/25S rDNA signal in the last third of the long arm and a 5S rDNA signal in the terminal portion of the short arm; chromosome 9 has a 5S rDNA signal in the terminal portion of the short arm (Tab. 2; Fig. 4 ). In C. chilensis, the chromosome 3 has a 5S rDNA signal in terminal position of the short arm; chromosome 4 has a 18/25S rDNA signal in the sub-terminal part of the long arm; chromosome 8 showed a 5S rDNA signal in the terminal position of the short arm; chromosomes 10 and 11 showed a 5S rDNA signals in the terminal portion of the short arm (Tab. 3; Fig. 3 ).
DISCUSSION
The karyotypes of Chaetanthera ciliata and C. chilensis reported here are symmetric, presenting small chromosomes and a great similarity among them. Chromosome asymmetry indexes (AsI % and A 1 ) were similar for both species. This is the first report on chromosome number and karyotype analysis of Chaetanthera ciliata and C. chilensis. Reports on the cytology of Chaetanthera (Powell et al. 1974; Grau 1987; Figs. 1 and 2 -DAPI-stained metaphase chromosomes (blue). Fig. 1 . Chaetanthera ciliata Ruiz et Pavó n. Fig. 2 . Chaetanthera chilensis (Willd.) DC., after fluorescence in situ hybridization with probes specific for 5S (yellow) and 18S/25S (red) rRNA genes. (Powell et al. 1974; Grau 1987; Baeza & Schrader 2005) , which has the greatest number of species (Cabrera 1937) . Additionally, the presence of 2n = 22 and 24 in C. linearis would indicate that the dysploidy might be the result of cyto-evolutionary mechanisms that produce Figs. 3 and 4 -Idiograms of the haploid chromosome complements. Fig. 3 . Chaetanthera chilensis. Fig. 4 . Chaetanthera ciliata. 18S/25S rRNA gene locus, black dots; 5S rRNA gene locus, white circles (bars expressed standard deviations of chromosome arms).
changes in the number and structure of chromosomes, a situation already observed in the genus Boronia (Shan et al. 2003) .
One of the remarkable differences among the karyotypes of C. ciliata and C. chilensis studied up to the present is the karyotype formulae: C. ciliata has only metacentric chromosomes (Fig. 4; Tab. 2), in contrast to C. chilensis, which has a submetacentric chromosome pair (number 8; Fig. 3 ; Tab. 3). Studies of evolutionary patterns in several angiosperm groups show a change from perennial to annual habit is often accompanied by a reduction of genome size (Price and Bachmann 1976; Greilhuber and Ehrendorfer 1988). However this patterns was not found in the two species of Chaetanthera that we studied: the annual C. ciliata has more TCL than the perennial C. chilensis (Tab. 1). Nevertheless, Baeza & Schrader (2005) found a TCL of 93.5 ± 9.70 µm for another Chilean annual species, C. microphylla. Sanso & Hunziker (1998) and Seijo & Ferná ndez (2003) showed in Alstroemeria and Lathyrus respectively, that asymmetric karyotypes tend to have a more derived status than symmetrical ones. The results for C. ciliata (annual) and C. chilensis (perennial) do not fit this pattern, as there is minimal difference between them. However, Baeza & Schrader (2005) described a karyotype asymmetry index (AsI %) of 62.25 for C. microphylla. Our preliminary investigation could suggest that during speciation and divergence within the genus Chaetanthera, cycles toward symmetry and asymmetry may have occurred, as has been pointed out for different other groups of angiosperms (Jones 1970; Stebbins 1971; Levin 2002; Seijo and Ferná ndez, 2003) .
Using FISH patterns of rRNA specific genes, we compared the karyotype of C. ciliata and C. chilensis ( Figs. 1 and 2 ). Both species of Chaetanthera present 2n = 22 chromosomes with similar karyotypes. Notable differences with respect to position and number of 5S and 18/25S rDNA gene-sequences are clear, depending upon the chromosome. Each species presents a well-defined distribution of the hybridization sites. In Chaetanthera chilensis, 4 of the 11 chromosome pairs (chromosomes 1, 3, 4 and 9) present rDNA signals, while in C. ciliata, 5 of the 11 chromosome pairs present (chromosomes 3, 4, 8, 10 and 11) rDNA signals. After comparison of the types of signals, we found that those of the of 5S rDNA are more numerous than those of 18/25S rDNA, which has already been indicated by other authors in other genera of angiosperms (Hemleben and Werts 1988; Sastri et al. 1992; Moscone et al. 1999) . It can be observed that in C. ciliata two pairs of chromosomes (1 and 4) present signals of 18/25S rDNA, both in the long arm. Chromosome 4, however, presents a double signal in the lower third of the arm. If we compare the same signals in C. chilensis, it can be observed that chromosome 4 also presents a 18/25S rDNA signal, but this is doubled comparing that one in C. ciliata. The 5S rDNA signals were observed in 3 chromosomes (3, 4 and 9) of C. ciliata, and all were located in the final portion and in the short arm except for chromosome 3, which was present in the long arm. In C. chilensis, 4 chromosomes presented the 5S rDNA signal (3, 8, 10 and 11), and were located in the short arms (3 and 8) and the long arms (10 and 11). If we compare the 5S rDNA signal of chromosome 8 in C. chilensis with the signal of chromosome 9 in C. ciliata, it can be observed that there is no significant difference between chromosomes 8 and 9 in C. ciliata, and consequently it is likely that the 5S rDNA signal is in chromosome 8, as in C. chilensis. However, the difference between these chromosomes is clearly given by their type: in C. chilensis, this chromosome is submetacentric (Fig. 3) , while in C. ciliata it is metacentric (Fig. 4) . This can be a consequence of karyotypical re-arragements in the evolution of both species. Comparing the results of karyotype analysis, number and localization of rDNA sites in C. ciliata with those in C. microphylla (Baeza and Schrader 2005 ) the high difference between both species is remarkable, despite of their taxonomical classification in the same subgenera showing a high evolutionary dynamic. It is recognized that FISH signal strength is positively related to gene copy number (Appels et al. 1980; Maluszynska and Schweizer 1989; Cerbah et al. 1998; Weiss-Schneeweiss et al. 2003) . Thus, this result provides evidence for rDNA deletion or duplication within rDNA sites that results in rDNA copy number change (Shan et al. 2003) . In this study, no differences were found in FISH signal intensity.
It would be of future interest to localize 5S and 18/25S rDNA in other species of Chaetanthera and allied genera from America through in situ hybridization and compare these data with this paper.
